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(54) HIGH BEARING-STRENGTH STEEL PARTS AND PROCESSES FOR THE PRODUCTION 
THEREOF 



(57) High surface pressure resistant steel parts and 
their producing methods are disclosed. These steel 
parts are useful as gears, cams, bearings and similar 
high-strength compacTsteel articles which are required 
to have wear resistance and strength to withstand 
fatigue in rolling or rolling-sapping applications. In a 
steel part formed accortfing to the invention, a fine 
nibjde and/or cajbonrtride having at least an average 
grain size of 0.3 pm or less is dispersed in the contact 
surface structure; a multi phase structure composed of 
rnartensrte, which is divided into extremely fine pieces, 
forming a disordered shape, by the nitride and/or car- 
bonrtride, is formed; and a caibide having a grain size of 
3 urn or less is dispersed to increase the hardness of 
the surface. Such a steel part is produced by carrying 
out carbonitnding or cajburizatkxi/cgjbonrtn^ so as 
to precipitate extremely fine AIM, using nitrogen perme- 
ating from the surface and by carrying out quenching or 
quenching/tenpering, starting from a temperature 
region where the parent phase is austenite 
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Description 

Technical Field 

5 [0001 J The present invention relates to high surface pressure resistant steel parts and producing methods thereof. 
The high surface pressure resistant steel parts are suitably used as power transmitting parts which are required to have 
contact fatigue strength and wear resistance and examples of which are rolling members (e.g., gears and bearings), the 
races of a rolling member and cam components. 

10 Background Art 

[0002] In recent years, mechanical reduction gears and transmissions are increasingly required to have high power 
transmitting capability to meet the trend toward high output power, light weight and compactness. More compactness 
and higher surface pressure strength are required particularly in gears and bearings. 

is [0003] l-Bgh contact fatigue strength is also required in gears and bearings used as power transmitting elements in 
automotive and construction machinery applications. As a measure for enhancing surface pressure strength, a treat- 
ment such as carburization or nitriding is widely applied to gears for the purpose of surface hardening. Another measure 
suchasadcfitkxiofMotosteelisateot strength, whereby the hardness of the surface 

as well as resistance to softening caused by tern 

20 a carburization or carburization^^ treatment is applied to steel, and then, quenching and shot peening are 

carried out in order to significantly increase surface hardness, while providing considerable compressive residual stress 
to the steel. 

[0004] There has been reported a method in which a high density cementite phase is precipitated on the surface of 
steel through carburization thereby increasing surface hardness, tempering softening resistance, and therefore surface 
25 pressure strength. 

[0005] There has also been reported a development of highly clean steel which is designed to reduce the amount of 
inclusions wrth a view to the rxevention of destruction due to contact fatigue, which occurs with inclusions as a starting 
point. 

[0006] As noted earlier, a method, in which increased surface pressure strength is achieved by carburization of steel 

30 to which Mo (tempering-softening resistant element) has been added in a larger amount than the conventional steels, 
is known as an attempt to increase surface hardness and to restrict a decrease in hardness due to exothermic reaction 
caused by minute shear deformation resulting from friction and contact stress (Hertzian stress) which occur during roll- 
ing movement or rolling movement accompanied with sliding. In practice, this method, however, presents the following 
drawbacks: In spite of enhancing tempering-softening resistance, the thickness of an oil f im formed on the contact sur- 

35 face decreases with increases in contact stress, resulting in a significant increase in wear because of the degradation 
of lubricating properties. This further promotes exothermic reaction and contact stress, which is a cause of creation of 
destructive shearing stress. Therefore, the desired, satisfactory improvement in surface pressure strength cannot be 
expected. Furthermore, the adrjtion of large amounts of a tempering-softening resistance enhancing element such as 
Mo entails a considerable increase in the rxodix^ costs of steel rnateriala 

40 [0007] A known method, in which intensive shot peening is applied to the surface of a carburized article to allow the 
martensitic transformation of residual austenrte which exists in the region extending from the outermost surface to a 
depth of about 200 *im below the surface so that higher surface hardness and greater compressive residual stress are 
achieved, thereby improving surface pressure strength, does not necessarily have versatility for the following reasons. 
Microscopic defects are created by state to a gram boundary a»da^ 

45 during carburizatiort When the these defects bring about wear chip 

powder generation and surface roughness, resulting in an increase in wear factors. Another reason is that, in the case 
of gears, a crip in a tooth attributable to the buildup of strong residual stress as well as the presence of cornpressive 
residual stress adversely affects spaling resistance and, therefore, surface roughness causes an increase in wear fac- 
tors, which results in a a^xreasen surface pressu 

so [0008] There is a case wrxro a gear is subjected to concerrtration carburization in 

which a high density ot cementite phase is precpitated on the surface byer of the gOT 

ner. There is also a case where the haro>>ess of a bearing surface is increased basically by the effect of cementite pre- 
cipitation smflarty to the case of bearing steel such as SUJ2 in which cementite is granulated and finely dispersed, 
while temperirig^oftemng resistance is improved by the effect of particle dispersion. However, where a high density of 
55 cementite is precipitated by the above high carbon carburization process, the precipitated cementite is large in size, 
narnery5to10um,sothattheaggtom large scale of preoprtation 

appears along grain boundaries. As a result, the agglomerated cementite is destroyed by a shearing force generated 
from contact stressv forrntng starting points fr^ defects will occur, rf this method is applied to manufec- 
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ture of gears, the strength of the dedendum will be decreased. 

[0009] Attempts have been made to fine cementite and prevent the cementite aggtomerafon by an improved high car- 
bon carburization process a by a choice of adequate alloy elements for use in steel. For instance, Japanese Patent 
Publication (KDKAI) Gazette No, 4- 160135 (1992) discloses a method according to which the concentration of Cr is 

5 increased to 2 to 8 wt%, one or more elements selected from the group consisting of 0.5 to 4 wt% Ni, 0.01 to0.5 wt% 
Nb, 0.1 to 2 wt% V, and 0.05 to 1 wt% Mo are added, and the surface carbon content after carburization is increased to 
2.0 wt% or more, whereby the carbides and carbonHrides ofVandCrof5^mor less are precipitated in the region 
extending from the surface to a depth of 150 pan below the surface. This method is, however, costly, because of the 
addition of large amounts of Cr for the purpose of facilitating cementite precipitation during a carburizing phase and the 

10 addition of V for the purpose of restraining the agglomeratfon/grow of precipitated cemerrtita Ackirtionaiiy; trm concen- 
tration of Cr, V, Mo, Mn and the like in the precipitated cementite causes a decrease in the concentration of these alloy 
elements in the parent phase of austenrte, which leads to formation of an imperfect quenched layer due to a lack of 
quenching ability after carburization. in order to prevent the formation of an imperfect quenched layer, Ni, which hartfly 
concentrates in a carbide, is added and, in consequence; the material becomes more expensive. 

15 [001 0] Japanese Patent Publication (KDKAJ) Gazette Na 8-120438(1996) discloses a method and material for 
restraining formation of an imperfect quenched layer in a quenching process while employing less expensive alloy 
designs. In this publication, surface carbon content is estabfehed at 1 .5 wr% or less in order to prevent the grow and 
ap^torneration of precipitated carbides having grain size exceeding 5 urn. Since the optimum carbon content rs 1 .5 wt% 
or less, the amount of precipitated carbides is rather smafl. that is. approximately 7% by volume or lesa In addition, per- 

20 meeting nitrogen is not effectively utilized in predpitating carbides or (^rbonrtrides but is mostly cfissolved in the parent 
phase of austenite to be utilized only for preventing formation of an imperfect quenched layer during clenching. 
[0011] The method disclosed in the publication 8-120438, however, reveals the following cfisadvantages. The method 
of the publication does not precipitate a large amount of a carbide (cementite) like the conventional high carbon carbu- 
rization process. Therefore, this method cannot be expected to have improved surface pressure strength which is attrfo- 

25 utable to improvements in hardness and in tempering-softening resistance owing to a large amount of cementite 
precipitation. In other words, the formation of an imperfect quenched layer, which is due to the concentration of a large 
amount of quench promoting elements such as Cr and Mo in cementite and a lack of these elements concentrated in 
the parent phase of austenite, is prevented at the cost of a small amount of cementite rxetiprtation. With this arrange- 
ment, the method intends to make a balance between surface pressure strength and rotary bending fatigue strength, 

30 but in reality, it fads to ensure satisfactory surface pressure strength. A method similar to the method of the above pub- 
lication is disclosed in Japanese Patent Publication (KDKAI) Gazette Na 8-3720. According to Na 8-3720, a large 
amount of cementite is predprtated, while N which is likely to exclude cementite and promotes quenching and Mo 
which does not concentrate to a large extent in cementite and effectively promotes quenching are added in large 
amounts in order to ensure quenching properties. 

35 [0012] In manufacture of shaft suprxxtingprodu^ 

in order to ensure long roBing Ha To produce such clean steel, a steel material w 

steel ref ining stage and uridergoes many stages of desuifurization and der^hcsphorization with special slug, thereby 
reducing inclusions such as oxides, nitrides and sulfides. It has been reported that roftng life can be increased by 
approximately 10 times by use of a highly dean bearing steel in which the quantity of inclusions such as oxides and 

4t> sulfides of 10 to 20 pm is reduced. Low-carbon steel for machine structural use, which is generally used in production 
of ordinary gears, does not ensure sufficient cJearmess. Moreover, even rf highly clean steel tor machine structural use 
could be produced, its rxoduction cost would be extremely high. Therefore, there remans a need for the devefopment 
of an economical technique which is capaWe of improving surface rxessur 
same iridusfon level as that of currently manufactured steel for machine structural use is used. 

45 [0013] Even if the quantity of irxAskre 

starting from its contact surface, because of dust deluded in a lubricating oil, wear powder, and the like. Fwproducmg 

high surface pressure resist 

contamination. 

[0014] The present invention has been directed to overcoming the foregoing problems and the primary object of the 
so invention is therefore to provide higji surface pressure resistant steel parts and their producing methods, the steel parts 
meeting the trend toward high strength and compactness and being suited for use as gears, cams and bearings which 
are retired to have wear resistance and strength for withstanding the working conditions of roiling movement and roil- 
ing movement a<xx>mparned with slipping. 

55 Disclosure of the fnvention 

[0015] The above objert can be acc^ 

tfort This steel part contains at least one of fine nitrides, carbides and carbonitrides, which is dispersed in a surface 
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structure and has an average grain size of 3 urn or less* and has a mufti phase structure composed of martensite as a 
parent phase which is finely divided into pieces by the dispersed substance. 

[0016] According to the invention, there ts presided a method of producing a high surface pressure resistant steel part 
the method comprising the steps ot 

5 

precipitating a dispersed substance white allowing carbon and nitrogen to diffusely permeate from a surface by one 
or more treatments selected from carburization, carburizaterv^arbonitridinQ and carbonitriding; and 
forming a martensite phase subsequently to or independently ot the dispersed substance precipitating step, by rap- 
idly cooling from the austenrte temperature region of steal 

10 

[0017] One of the features of the invention resides in that a fine nitride and/or fine cartxxtrtride having at least an aver- 
age grain size of 0.3 or less is essentiairy cSspersed in a contact surface structure, so that a murti phase structure 
is formed which comprises disordered m artensite as a parent phase, the martensite being cfivided into much finer 
pieces by the nitride and/or carbonitride, compared to the conventional lentiaiar martensrta In addition, the invention 

is uses a steel in which a carbide (cemerrtrte) of 3 pm or Im * dfcpersed thereby reinforcing its surface, 20 to 80 % by 
volume residual austenrte is added as a structural component thereby irrprovtng toughness, and at least 0.3 to 3.0 wt% 
Al is contained thereby improving resistance to dust contained in a lubricant and to inclusions contained in the steel. 
[0018] The invention is also associated with a methed of producing a high surface pressure resistant part through the 
steps of: applying carburization, carbonitriding or carburizaiorVcarbonriraSr^ to a steel materia] to cause precipitation 

20 of extremely fine AIN in an amount of 0.5 to 4.5 wt% (when tfts amount is represented on the basis of percentage by 
volume, the figure is about 2.4 times the figure represented by percentage by weight) by use of nitrogen which is per- 
meated from the surface; precipitating cemerrtrte having an merage grain size of 3 pm or less in an amount up to 30% 
by volume; and starting quenching or quenchingAerrperiflg from the range of temperature at which the parent phase is 
austenrte It should be noted that the penetration depth of nitrogen should be arbitrarily adjusted according to the ris- 

25 tance from the surface to the position where the maximum shearing stress occurs. The maximum shearing stress is 
generated by the maximum contact pressure (La, Hertz's contact pressure) exerted on the rolling contact surface of an 
article to be produced. Generally, the penetration depti of nitrogen is 1 mm or less and more preferably 0.5 mm or less 
in view of economical carburizatiorWbarbonitricSrig and economical carbonitriding. 
[0019] As noted eerier, rrost of the conventm 

30 resistance. In terms of structure, they are intended for prevention of an occurrence of surface cracking caused by con- 
tact stress. Therefore, there still remains the cornmon problem that surface cracking once occurred cannot be prevented 
from spreading. 

[0020] The invention is not only intended to improve the prior art in terms of prevention of an occurrence of surface 
cracking but also gives consideration, from the viewpoint of histology, to a vital action for retarding a spread of cracking 
35 after it has occurred at the surface After observation of the spreading route of cracking, it has been found that cracking 
spreading along I errbcu lar martensite or lath martenste is an important factor for the development of a reinforcement 
mechanism, apart from cracking sprearing along the defects of a material (t^ 

aggregations contained in a material; a gram boundary oxidation layer formed at the stage of carburization or carburi- 
zatoonftarbonHriting; large cementite particles and their aggregations; an imperfect quenched layer formed at the stage 

40 of quenching; previous austenrte grain boundaries caused by segregation or quenching cracks). A lenticular martensite 
particie in an ordinary carburized and quenched structure is corrparatrvery large, that is, about a few nm to tens of iim, 
and residual austenrte particles of low hardness are present around a martensite particle, causing a situation in which 
a stress is likely to concentrate. Therefore; fining of the martensite is considered to be important However, even rf 
austenrte crystal grains are fined with the intention of fining martensite (which is a measure usually taken), the size of 

45 the martensite after fining ts Smited to about a few nn\ and thus, this measure has been found to be unsatisfactory as 
an improved reinforcement measure. Aocowfng to the invention, 1 to 15% by volume of a nitride and/or cartonrtride, 
which takes the form of spheres, rods or neerJes and most particles of which have a size of 0.1 urn or less, is so o5s- 
persedinhig^corx»ntratxxiasto 

be considerably reduced to about 1 or lesa By virtue of the present* of a nftrto 

so obstacle, the martensite particles are bent or curved, structurally changing from a simple lenticular configuration to a 
fine disordered configuration. The invention thus exerts resistance to a spread of cracking. The above armngernent also 
has an effect on fine dispersion of the residual austenrte rJstributed around the martensite particles. Further, when a 
part of the residual austenrte undergoes martensite transformation owing to contact stress, it is formed into extremely 
fine, Disordered martensite rt is <X)ncervable that such transformation has the effect of causing a substantial decrease 

55 in stress concentration which occurs when large lenticular martensite particles collide with one another. Such transfor- 
mation also mitigates the corrarrtratfon of tensde residual stress in the residua) austenrte existing around the lenticular 
martensite, which, crjncervabry, has the effect of preventing a spread of cracking along the martensrta 
[0021] As the dispersed substance, a prec^prteted substance much finer than the previously disclosed cementite is 
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necessary fit should be noted, as shown in Photograph 1 (described later), fining of martensfte is hardly achieved by 
cementite precipitation). Therefore, the invention is arranged to chiefly precpitate a fine Al nitride through carbonrtrid- 
ing. The Al nitride has the following characteristics. It has markedly little solid solubility with respect to the parent phase 
of austenita The Al nitride is negatively larger than cementite in free energy for forming a dispersed substance from the 
parent phase (this means that the Al nitride can be more stably precipitated than cementite). Additionally, it does not 
react with carbon originally contained in the steel, forming a carbida It has precipitating speed much slower than the 
growing speed of cementite which starts to cjow at the same time that Al nitride precipitation starts. The precipitation 
of the Al nitride is not a factor of substantially impairing the quenching characteristics of steel. 
[0022] The contact surface of a part subjected to roiling movement accompanied with sliding is damaged, not only by 
cracks on the surface and in its vicinity, but also by wear and seizure at the outermost surfaca It is possible to corrfcine 
the known technique of the prior art with the above-descrtoed arrangement of the invention for improving surface 
strength and wear resistanca For instance, cementite of a few pm may be dispersed in high concentration by carburi- 
zation to ensure high surface hardness. 

[0023] The above-described carburizationfcarbori^ treatment is performed in cases where the carbon concen- 
tration of a steel at an early stege is tow like case har^ On the other hand, in the caseof high-carbon steel 
having carbon content as high as bearing steel, satisfactory improvement in surface pressure strength can be assured 
by precipitating a nitride only by carbonitricfing at 800 to 850*0 in an atmosphere in which decarburization does not 
occur. It wiD be understood that although a bearing steel such as SUJ2 has a structure fri which granulated cementite 
having an average grain size of 0.3 to 1 .0 |im is dispereedinanamourtof about 1 to£5% 

of the martensite in the quenched structure is lenticular and therefore the improvement such as achieved by the mar- 
tensite configuration of the invention cannot be obtained with the above amount and size of granulated cementrta 
[0024] In view of the fact that the structural transformation described in the previously disclosed technique (Japanese 
Patent Pii>»cafion (KDKAI) No. 8-120438) is substantially equivalent to that of a bearing steel such as SUJ2 in terms 
of the size and amount of precipitated cementite, it is conceivable that the martensite parent phase of this publication 
is lenticular martensita The steel cfisctosed in the publication No. 8-120438 differs from bearing steel in the addition of 
V, but V does not have a strong "influence on the configuration of martensite parent phase for the following reason. V 
can be dissolved in an anxximu (carburizing tem- 

perature). VC does not precipitate in a substantial amount but most of V is dissolved in cementite. In a case where V is 
added in an amount of 1 wt% which is the naximum amount disclosed in the publication, about 0.5 wt% V is already 
precipitated as a VC special carbide in the steel material, 0.28 wt% V is cfissotved in austenite, and the remaining 
amoumO-a,0^wt%)ofVise>g>ectedto 

amount of a VC carbide is about 0^^ by volume which is very small compared to the precipitating amount of cement- 
ite disclosed in the embodiment of the invention. 

[0025] As a measure of lessening the stress concentration occurring when the inclusions of the steel or dust included 
in a lubricant is entangled, the known technique of adjusting the amount of residual austenite is combined with the 
above-descr&ed technique of the invention. In view of the feet that the roller pitting life of the steel drops, when shot 
peening is applied to the steel of the invention as described later, after carburization/caiborirtrid^ and quenching so 
that the amount of residual austenite in the surface layer is reduced to 10 to 15% by volume, the amount of residual 
austenite is established at 20% by volume or more and the upper fimrtpfjesidual austenite is generally established at 
80^by voluma If the arnounT * residual austenite is 80% by volume or mora wear resistance will decreasa It should 
be noted that the preferable amount of residual austerirre is 20 to 6()% by v^ume. 

[0026] The c^arrtrtative control for residual austenite is carried out by controlling carbon potential and nitrogen poten- 
tial at the time of c»rburizatiortcaibc«tridmg or carbonrfriding. In acWrbon to the quantitative control, a mechanical pres- 
surizing treatment such as shctecc roiing cc a thermal treatment such as subzero treatment is appJied to the surface 
to transform the resic^austerite phase to marten 
mizationof the surface hardness of steeL 

[0027] To attain a fine nitride aridto carboritricte wrtto above rnurti phase structure, the amount of Al is estab- 
lished at 0.3 to 3.0 wt% and the amount of nitrogen in the surface is generally- established at 0.4 to 2.5 wt%- 
When taking into account the re tafionshp with the amount of Al (described later), the preferable amount of nitrogen is 
0.7 to 1.7 wife. 

[0028] It has been confirmed that with Al in amounts of 0.2 wt% or more, the above-described fini ng effect on mar- 
tensite as well as an improvement in surface pressure strength can be achieved. The upper limit of the amount of Ai is 
riotstrictryUmrred,butisc^ 
amounts of 4 wi% or more caifie&precpitationofaferrte 
pressure resistant part and impairs the processabilrty of the material. 
[0029] Atttoughtheriitridec^^ 
tiaJarriwjrt of V effects mn^ 

addition of Al. The steel of the invention may be arranged to contain a carbide (cementite) precipitated on its surface in 
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an amount up to about 30% by volume in order to further improve wear resistance and tempering-soft eni ng resistance, 
and arranged to contain 0.5 to 5.0 wt % Cr and/or 0.2 to 1 .0 wt%V for the purpose of adjusting the average grain size 
of the precipitated cementite to 3 urn or less thereby preventing the decrease of fatigue strength due to the dispersion 
of the carbide. It is more preferable to employ these arrangements in combination with addition of Al. 
s [0030] In cases where the main purpose of addition of V is not precipitation of a nitride but fining of the cementite 
present on the surface, the upper lirnit of Visa temperature cartxirization at 1,100 °C 

(this is normal temperature) is carried out Taking the cost into account the upper limit of V is established at 2 wt% in 
the invention. 

[0031] It is known that an Al nitride and/or Al carbonitride is most finely precipitated on the outermost surface and its 
10 grain size increases substantially in proportion to the depth of a region from the surface. In practice, when permeating 
nitrogen at a temperature of 900*C or less, the average grain size is 0.3 urn or less in the region extending from the 
surface to a depth of 0.5 rrmbelw generated by contact stress is mawmum in 

the region extending from the contact surface to a depth of 0.5 mm below the surface in many cases and therefore there 
is no problem. For finely dispersing the precipitated Al nitride ancWor Al carbonitride, it is important to set a low temper- 
is ature for the stage of nitrogen permeation. To ensure the quenching characteristics of the steel, the temperature at 
- which nitrogen is permeated is preferably 800 to 850°G ~n 
[0032] It wfll be understood from the above description that ternpering-sottening resistance can be remarkably \ 
improved by martensrte in which an extremely fine Al nitride and/or Al carbonrtride is densely dispersed and the | 

improvement of ternpering-softening resistance leads to an improvement in surface pressure strength. . J 

aL^[0033] The martensite is c&vided by the fine Al nitride and/or Al carbonrtride so as to have a grain length of about 1 
^m in the vicinity of the outermost surface. The martensrte is so fined that its tissue is opt-^nicroscopicalry indistinct 
Such martensite is thought to have a significant effect of preventing cracking due to fatigue in the surface region. 
[0034] The carbon concentration of the steel at its surface (hiring carburizatk)nycarbonrtriding and/of carbonitriding is 
established at at least 0.6 wt% or more in order to attain surface hardness, while the nitrogen concentration is estab- 
25 lishedat0.4wrfcc<rTic*einc<derto austenrteto2fj%by volume or mora The upper limit 

of nitrogen content is allowed to vary according to the maximum value of Al concentration and established at 2.5 wt% 
or less in order to adjust the amount of residual austenrte to its maximum value, that is, 80% by volume The preferable 
amount of nrtrogen is 0.7 to t .7 wr% when taking the above-noted range of AJ content into account Cementite prea^- 
tation increases as carbon content 
30 ite should not exceed 3 pm in order to prevent the aggtomeration of cementite thereby preventing the decrease of roll er 
pitting strength and rotary berxfing fatigue strength, and the amount of cementite precipitation with which the cementite 
grain size does not exceed 3 urn is about 30% by volume. To adjust the amount of cementije precipitation to 30% by 
volume, the upper lirnit of carbon corrtentj^established at 3i) wt%. It should be noted that if the carbon ccWSrtS 3.0 
wt% or more, it becomes difficult to prevent the agglomeration of cementite partides even by addition of Cr and V and 
35 as a result the decrease of berxfing fatigue strength and pitting strength cannot be effectively prevented. 
[0035] Fwfinecernentrtepr^ 

an amount of 02wfX> or more in combination with a adcOtic?! s nWe^effectrve, because of the influence of the alloy 
element on the grain size of cementrte rxeciprtating in the austenite parent phase. More specifically, an alloy element, 
whjchjs more Bkety to concentrate in cementite ajthejreciptating tejrperature. makes the cementite finer fi.g. where 
40 the concentration of an aHoy element in cementite / the concentration of an alloy element in the austenrte parent phase 
= distribution coefficient KM, an atioy element is more likely to concentrate in cementrte, making the average grain size 
of the cementite smaller with increases in the distribution coefficient KM of the alloy element). Of the aDoy elements 
generally used in ordinary steel lor machirie structural use, 

they have the stron g effect of fining ce mentrte. (According to the surveynOde by the inventors at a temperature of 
45 90TC,tTK>c&strftxrtk^(»^ 

KMn of Mn is 2.1 , the dfembution coefficient KMo of Mo ts 3.5. and the cfcstrtxrbon coefficient KNi of Ni is 0.22.) Al has 
little solid solubility with respect to cementrte and therefore does not 
exerts a fining effect although rt^ 

ite particles. Therefore, incases where, a large anwurtotAI is added like me ir^ 
so of cementite in an amount cOQ%by volume allows Al to significantly concentrate in the austenite parent phase, pro- 
moting the reaction of Aland permeating nitrogen to preciprtate an Al nitride and/or Al carbonrtrida Accordingly, the 
synergistic effects of cementite r^eripitation and Al precipitation can be expected. The upper limit of the amount of Cr 
is 5 wt% or less in view of the balance between queiKhing charac^eristo and <x»t 

[0036] The steef for machine stnjctur^ element and further 

55 contains at least one element selected from V and Cr. To attain strength at the core of the high surface pressure resist- 
ant part other elements should be added in fte following ranges. 

[0037] C is an essential element tor imparting the desired strength to the core. Generally, steel material for gears 
needs to have a carbon crjncentration of about 0.1 to 0.5 wt%. Bearing steel, to which carburization treatment is not 
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applied when it is a finished product, generally contains carbon in an amount up to 1 .2 wt% and undergoes the sphe- 
roidizing treatment It carbon content exceeds 1.2 wt%, the agglomeration of cementite is promoted by spheroidizing of 
cementite, so that the desired rolling Gfe cannot be expected For the above reasons, the carbon content of the steel 
material used in the invention is preferably established at 0.1 to 1.2 wt% 

5 [0038] Generally, Si is inevitably used as an ordinary element in an amount of 0.2 wt%. Si is also used conventionally 
as an element for enhancing tempering-softening resistance, and in such a case, the amount of Si is 1 wt%or less. Si 
can be expected to provide a martensite fining effect in carbonrtricfing like Al, but Si promotes grain boundary oxidation 
and causes variations in carburizing characteristics. Therefore, the amount of Si is preferably limited to 1 wt% or less. 
[0039] Mn, Ni and Mo play an important part respectively in the quenching characteristics obtained after carburiza- 

w forvcarbcfirtriding and/br c^rbortrtriaing. It is preferred for the invention to use them in amounts within the ranges which 
are usually adapted in steel for machine structural use (For instance, Mn = 0.1 to 1.5 wt%; N = 0 to 4 wt%; Mo = 0 to 
1.0 wt%; trace amounts of boron) 

[0040] isft* Ti and Zr are added in sfight amounts for the purpose of fining the crystal grains of steel material. In the 
invention , it is preferred to use them within the range usually adapted. They are also expected to function as a nitride- 
is forming element Bee Al contributing to precipitation of a fine nitride. However, they are highly reactive to carbon, when 
contained in steel material so that they precprtate in most amounts prior to carburizatforVcarbc<irtriding and/or carbon- 
itricfing. Therefore, they need to be added in large amounts in order to precipitate a nitride, reacting with permeating 
nitrogen, which costs very high. In the invention, taking the above facts into account, their use is limited to fining the 
crystal grains of steel and the amounts of them are therefore Bmrted to the range of from 0 to 0. 1 wt% 
20 [0041] Ca, S and Pb are usually added for the main purpose of improving machinabiltty. To achieve improved 
machinabflity, the amounts of these elements are preferably adjusted according to their purposes of use in view of the 
object of the invention, that is, improved surface pressure strength. 

[0042] As deserved above, the surface carbon content and surface nitrogen content of steel are controlled by carbu- 
riza1kxVcajtx>nitrid]ng and/or caibonrtriding, thereby positively adjusting the arrxxint of residual aystenrte remaining 
25 after quenching in a region close to the surface layer It is also possible to adjust the amount of residual austenrte by a 
physical or thermal means sueh^theabeve-nc^ The rolling life of steel having 

reskiual austenrte, the amourrttf 

nrficantry (the amount of residual austenrte was obtained by the X-ray analysis conducted from the surface layer) . rt was 
also observed that the surface pressure strength of steel tends to be stable by the presence of residual austenrte in an 

30 amount of 20% by volume or mora If 80% by volume of residual austenrte is present, wear in the rolling surface 
progresses at such a rate that the rolling surface is worn out earlier than the rolling life and the surface hardness of the 
steel considerably decreases. Therefore, the preferable amount of residual austenrte is 20 to 60% by volume in the 
region extending from the outermost surface to a depth of 50 urn below the surface and 20 to 80% by volume in the 
region extending from the surface to a depth of 0.5mm. 

as [0043] The carburization, carburizatxx^arbonitridirx^ and/or carbonrtriding treatment of the invention is carried out in 
the following way. After carburization is once periormed at 900°C or more, temperature is decreased to about 850 °C. 
Then, a carbonrtriding alnxspfiere « established with ammor^gas being additionally introduced and carbonrtriding is 
carried out without decarburization or by carburization. An alternative treatment is as follows. After carburization has 
been earned c<rt at a ttighternper^ s urface carbon content within the range 

*o of fro m 1.1 wt% to about 2 wt%, temperature is once dropped to A 1 -point temperature or less and the structure is 
charxjed to bainttey martens te Then, the steel is reheated to A 1 -poirrt temperature or more, and while fine 

granutete cementite b eing precj piteted or rJsgersgd at temperature of 90<FC or less, carbon and/or nitrogen is diffusely 
permeated in the carburizatfonfca^ or in the carbonrtricfing atmosphere: With this process, the 

carbon content of the resultant steel is rnade to be ijp to 3.0 wt% and the nitrogen 

45 wHhwhifJiihftamf»iiifrrrf«^^ : 

[0044] The rarburizatxxi/carb^ andfor carbcrirtriding of the invention is not limited to a particular method. The 
ordinary gas {^nburization/carbcritn^rxj or gas carbonrtriding treatment may be adapted. Alternatively, carburiza- 
tforvcarbonrtritfing or carbonrtriding carried out under a reduced gas atmosphere or plasma atmosphere may be 
employed. In any cases, processirigtnne may be adjusts 
so irxjorcarborirrridirKja 

[9045] In the invention, extremely tine nitrides are densely, dispersed ly precipitated in the rolling surface layer of a 
gear or bearing in the cartx^iza^onAarbor^rtncing and/or carbonrtriding process by effectively adding nrtride-forrning 
elements such as Al and V. In the subsequem quenching process, rJsordered actcufar martensrte finely drvided by the 
predrjrtatednrtrktew 

55 ing due to fatigue in the vicinity of the surface when the resultant article is in rolling operation. Accordingly, the surface 
pressure strength of the part for use in high surface pressure a^lications can be dramatically increased. 
[0046] InaddrtioaanfirideafK^ 

for effectively dividing and fining the lenticular martensite. By the use of AJ, the precipitate can be extremely fined. Al is 
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rxrt reactive to carbon originally contained in the steel and substantially all olrtsanxxirt can be effectively used in form- 
ing the predpitate in the reaction during the carturizatwnAcajtonrtriding and/or carbonitriding process. In addition to the 
dispersion effect of the AJ nitride and/or Al carbonrtride, surface pressure strength can be increasingly improved while 
preventing the decrease of fatigue strength, by adding Cr and V to steel material to o5spersedJy precipitate a large 
amount of fine cementite having a size of 3 urn or less at the surface of the material. 

[0047] After the above-described cajtxjrization/ra and/or carbonitriding process, oL queochin g or water 

quenching is earned out to harden the carburiza^ partsathat a hard layer, in which mar- 

tensrtejsf^J^y an &^)^ynn^ecxjpmea Al nrtnde and/or Si carbonitride, can be formed and the resultant part 
has superior pitting resistance. Quenching preferaljryll^tfom a temjeaatura equal tojy higher than the A t point 
trarertion „^ of steel Ahemativery, quenching is carried out by r eheating to a te mperature equal to or more 

than*eALpoint temperature af ter cooling to a temper ature lower than the At point t emperature. In the case of the steel 
of the invention in which an Al nitride is prpcirwtatff^, thft crystal grains of the carbonitrided layer can be easily fined to 
have art average grain size of about 5 urn or less by reheating quenching, and this contrfcutes to an improvement in 
rotary bending fatigue strength. 

Brief Description of the Drawings 

[0048] 

FIGURE 1 is a side view of a specimen of a high surface pressure resistant steel part prepared accorting to one 
embocfimerrt of the invention, the specimen being used for rotary bencfing tests. 

FIGURE 2(a) and 2(b) are side views of specimens of a small roller and a large roller respectively, these specimens 
being prepared according to the ernbodirnent and used for roller pitting testa 

FIGURE 3 is an explanatory view of a carburizationterb™ treatment according to the embodiment in which 
no cementite is precipitated in a carburization phase. 

FIGURE 4 is an explanatory view of a carburizatiorvtarbonitriding treatment according to the embodiment in which 
cementttejsjrecpitated in a carburization phase. 

FIGURE'S^ a process diagram of a carbonitriding treatment accord ng to the embodiment. 

FIGURE 6 shows the results of tests for checking the pitting fife of small rollers after undergoing the carburiza- 

tiorvfcarbonitria^trea^ the carburization 

phase. 

FIGURE 7 is photographs which show, for comparison the metaJJographtc structures of Specimen No. 6 (prepared 
according to the embodiment) and Specimen No. .11. at regions in the vicinity of their respective surfaces. 
FIGURE 8 is high magnification photographs showing the metallography structures of Specimens Nos. 6 and 1 1 
at the regions exterxfing from their respective outermost surfaces to a depth of 100 jim. 

FIGURE 9 rs photographs of the metallography structures of Specimens Nos. 6 and 11 at the surface, showing the 
result of a nitrogen analysis by use of EPMA. 

FIGURE 10 shows the pitting fife of rollers at their carbonitrided surfaces formed by quenching subsequent to the 
carburiza1k>VbarborMtrk^ treatment of the ernbodirnent 

FIGURE 1 1 shows the pitting life of smaB rollers after undergoing the carburizatxWcarbonrtriding treatment of the 
errfcectimerrt in which cemerrtite is precipitated in the carburization phasa 

FIGURE 12 shows the rotary benrfng fatigue strength of the specimens after undergoing the thermal treatment of 
thecarburizatiorttarboni^^ embodiment in which no cementite is precipitated in the carburiza- 

tion phase. 

FIGURE 1 3 shows the fatigue strength of rotary bending test sperirnens to which shot peening is applied subse- 
quently to the thermal treatment of the carburizatiorvcarborutrir^ treatment of the embocfimerrt in which no 
cementite is precipitated in the carburization phasa 

Best Modes for Carrying out the Invention 

[0049] Referring now to the drawings, there wiB be explained high surface pressure resistant steel parts and methods 
tor producing thereof according to preferred embedments of the invention, 

[0060] TABLE 1 shows the compositions of steels prepared according to the invention and steete prepared for the 
purpose of comparison. The carbon corrtems of these spe^ wt%. A carbon content of 

02 wt% is often employed in the mamrfecture of rase harden^ tike, while a carbon content of 

1.1 wt% is often employed in the manufacture of medium carbon steel and SUJ2 that is a representative example of 
bearing steel. Spedmens Na 1 to 8 are preparedwiththeirtientta and V With 

these specimens, the dispersion effectof an Al rwtricte and/or Al^ 
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of dispersion of fine cementite and dsperaon of an AJ nitride and/or Al cartxxirtride were checked. Spedmens Nos. 9 
to 12 are medium carbon steel, SNCM420H. 420H and SUJ2, respectively and prepared as comparative examples. 
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PMSt] After casting, these sample steels were subjected to hot forging and normalizing and then formed into speci- 
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mens for rotary bending tests and small roller specimens tor roller pitting tests, as shown in FIGURES 1 and 2. For pre- 
paring large roiers for roier pitting tests, SUJ2 was quenched and tempered so as to have a hardness of H R C64. In 
the present erribocfiment carbiffi2alkx^caibonHrkl^ and caibonririding treatments are carried out through the proc- 
esses shown In FIGURES 3, 4 and 5. During the carburizatkxVcarbortitriding and carbonrtriding treatment carbon 
potential Cp is adjusted by controlling the CO2 gas concentration of carburization gas and nitrogen potential Np is 
adjusted by corrtrolling the flow rate of ammonia. 

[0052] FIGURE 3 shows a carburizatiorycarbonHrirJng treatment in which carburization is carried out at 930°C while 
adjusting Cp to 0.8 wt%> and then, carbonrtriding is carried out at 850°C. This treatment is arranged so as not to pre* 
dpitate cementite during the carburization phase and so as to precipitate Al nitrides during the carbonrtriding phase. 
However, when using steels containing Cr in amounts of 1 wt% or more, there are some cases where a small amount 
of cementite preqprtate. The reason for this is that when controlfing Cp, the dtffojtty of controlling the percentage 
(0.25%) of CC^ in RX gas (carburization gas) is avoided But such cementite precipitation has no problem in achieving 
the substantial effects of Al additions. 

[0053] F1GU RE 4 shows a process i n which Cp rs set to 1.4 wt% and precipitation of cementite is positively promoted 
during the carburization phase and at the same time; predprtatjon of an At nitride is promoted by carbonrtriding at 
850°C. 

[9064] FIGURE 5 shows a process in which carboritriding at a temperature of 830°C is applied to Spedmens Nos, 8 
and 12 having carbon content as high as high carbon bearing steeL It should be noted that the tempering treatments 
appJied to the specimens were all carried out at a temperature of 1 60°C for two hours. 

[0055] Ail the specimens underwent carbonrtriding at 850°C so as to have a nitrogen permeating depth of about 0.2 
mm. 

[0056] After the thermal treatment, the carbon and nitrogen concentrations of the surface layer of each spedmen were 
obtained by analyzing the section of the spedmen at appropriate time by EPMA (X-ray micro analyzer) which utH ized 
analytical curves. An Al nitride and/or Al carbonitride which precipitated in the layer close to the surface and the mar- 
tensite structure were observed, using an optical microscope and a scanning electron microscope properly. The 
amounts of residual austenrte and residual stress in each specimen at a position dose to the surface layer were meas- 
ured after applying etectrorytic polishing to the surface. 

[0057] A roAerprttingtatigue test was conducted under ^ Each small rdler spedmen shown in 

FIGURE 2 was pressed against a large roBer made of SUJ2 and the surface pressure strength of the small roller spec- 
imen was evaluated under the conditions, that is* a revolution speed of 1.050 rpm. a slip rate of 40%, and a surface 
pressure appropriately varied within the range of from 250 to 375 kgArtm 2 . The pitting life of each small roller was eval- 
uated on the basis of the number of revolutions unta one pitting defect is created in the small roller. In the roller pitting 
tests, when no pitting was found within the revolutions of 20-30 x 10 6 times, no more revolution was carried out after 
that 

[0058] The bending fatigue strength of each small roller was evaluated with a revolution speed of 3,600 rpm and the 
limit of the number of revolutions was 20 x 10 6 times. 

[0059] FIGURE 6 shows the pitting We of each smaB roller specimen which was carburized and carbonitrided under 
the conditions shown in FIGURE 3. Trie tower ^ of the variation of pit^ 

6ontfiebastsoftheprtting He of Specimen Noa91o11 whichoonla^sitetartfiaHyno^ rt is apparem from Specimen 
Nos. 1 . 4. 5^ 6, 7 and 8 which contain Al in amounts of 0.3 wt% or more that pitting I ife increases as the amount of Al 
increases. Especially Specimens Nos. 4 and 6, whk* contain Al in amounts of about 1 wt%, exhibited such high surface 
pressure strength that no pitting was created in most of the samples even under Hertz's contact pressure of 375 
kgAnm 2 which is the maximum surface pressure employed in this embodiment. The significant effect of an addition of 
Al can be admitted even in Specimen Na 5 whk^ contains 0.31 wt%AJ. Spedmen Na 7 containing 2.53 wt% Al exhib- 
its a shorter pitting life than Specimens Nos. 4 and 6 tor the following reason. While Spedmens Nos. 4 and 6 have a 
nitrogen rarrjorKtrirJng depth of 0.2 mm, Spedmen Na 7 processed under the conditions shown in FIGURE 3 has less 
permeating depth which van 

Trie pitting life of Specimen Na 7 can be improve Spedmen Na 2, 

which cxxTtamssubstarto^ admitted, but this 

effect is not significant compared to the effect of Al addition. It is understood from th e fact that Spedmen Na 3 contai rv 
ing 2 85 wt% Or was not improved in pitting He that the effect of addrtion of Cr is not important and Cr does not react 
with permeating nitrogen under the c^tjurizirxycarbor)rrnc^ conditions of the invention in which cementite is not 
actively pr ec ipita te d. 

[0060] FIGURE 7 shows, for exxrparison, the metaJtographic structures of Spedmens Nos. 6 and 11 at regions near 
their respective surfaces. Specimen Na 6 is a representative steel containing Al whereas Specimen Na 11 is As com- 
parative material. As seen from FIGURE 7, extremely fine martensrte is precipitated in the region near the outermost 
surface in Specimen Na 6, and the averar^ 

Specimen Na 6. which is observed as adcuter martensrte by an optical microscope, is composed of a Jinkage of such 
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extremely tine martensrte particles and accordingly, distinctly differs from its comparative material in the structural con- 
figuration of martensita FIGURE 8 shows high-magnification photographs showing the metallographic structures of 
Specimens Nos. 6 and 11 at the regions extending from the respective outermost surfaces to a depth of 100 urn below 
the surfaces. It is seen from FIGURE 8 that the martensrte of Specimen Na 6 includes uniformly dispersed an Al nitride 
having an average grain size of 0.3 urn or less and the martensrte is finely divided into pieces having a width of about 
1 jim or less by the fine AJ nitride and/or Ai carbonrtride, forming a disordered martensrte conf iguration. Although a small 
amount of qjQEQtite having a grain size of about Q4JaJ}.2 jim is precipitated in the comparative material of Specimen 
No. 1 1, the martensrtic structure of this material is substantially lenticular martensrte having significant linearity. Obvi- 
ously, the dispersion of cemerrtrte having the above size level does not have the effect of fining martensita It is observed 
in Specimen Na 6 that apart from fine granular ones, a considerable amount of AJ nitride and/or Al carbonitride parti- 
cles having a shape of ffoer (rod) is precipitated on the surface and the diameter of these nitrides and/or carbonitride 
particles is 0.3 pm or less. One of the features of the invention resides in such a sf 
has strengthening effects. 

[0061] FK3URE 9 is photographs of the metallography Nos. 6 and 11, show- 

ing the result of a nitrogen analysts by use of EPMA. The nitrogen concentrations of Specimens Noa 6 and 1 1 are 1.2 
wt% mi 0.7 wt%, respectively: Although the surface nitrogen concentrations of the specimens largely vary according 
to Al concentrations, the amount of retrogen changed to AIN is substant^ 

from the stok^iometric composition of AJN, on assumption that Al which has been added rs ail changed to AiN. Sped* 
men No. 6 contains the desired amount of carbon. 

[0062] It has been confirmed by the X-ray analysis that the amounts of residual austenrte at the respective surface 
layers of Specimens Noa 6 and 11 substantially fall in the range of from 40 to 60% by volume. Regarding the amount 
of residual austenrte in the region extending from the outem 

Al surpasses Specimen No. 11 by an amount of about 12% by voluma As a whole, me amount of residual austenrte in 
a structure quenched after the carburizatiorVcarbonitiiding process is highly dependent on the amount of permeated 
nitrogen, and it is confirmed that aH of the specimens prepared according to the embodiment contain nitrogen in 
amounts of 30% by volume or mora 

[0063] To observe the influence of a carbonrtrided surface portion created by quenching after the carburizatiorVcar- 
bonitrkfing process on tte extending from the surface to a d^^ 

region extending from the surface to a depth of 0. 1 5 mm were respectively removed from the carbonitrided portion (02 
mm) of Specimen Na 6 which had undergone the carburizatm/caibonitrk^ process, and pitting was checked. FIG- 
URE 1 0 shows the pitting result Further, ^jpt peen mg was appfied to the surface layer of Specimen Na 6 with an arc 
height of 0.9, thereby reducing the ar^ pitting result of this 

case is also shown in FIGURE 10. 

[0064] It has been found that as the, amount of removal of the carbonrtrided layer increased, pitting life markedly 
decreased, and finally, the pitting strength of Specimen Na 6 became substantially equal to that of the comparative 
material which had undergone the carburizatiorv'carbonrtrioing process in which the AJ nitride having the effect of fining 
martensite was not precipitated It has been also found that the reduction in the amount of residual austenrte by shot 
peening decreases the pitting Bfe of, particularly, a steel subjected to the maximum surface pressure (La, 375 kg/mm 2 ) 
of the present ernbodiment but the adverse effect of shot peering is not as significant as the adverse effect of the 
removal of the carbonrtrided layer. It is we^ hardening the sur- 

face of steel and creating high compressive residual stress and is also expected to increase pitting strength, wear 
resistance and berxfing fatigue strena^ 

of residual austenrte at the surface does rwt decrease to about 20% by volume or less. 

[0065] FIGURE 1 1 shows the pitting Bfe of small roller specimens Nos. 2, 3, 4, 6 and 11 which underwent the carbu- 
rizationfcarbonitrialng process in which cemerrtrte was positively precipitated by permeating a high density of carbon 
under the condrtions shown in FIGURE 4. FIGURE 11 also shows the pitting rrfeofSpedmensr^ 8 arri 12 erf bearing 
steel materials having a high density of carbon and cemerrtrte which is originally precipitated therein. These specimens 
underwent the carboritridmg process shown in FIGURE 5. The pitting life lower Bmit line indicated by dashed line in 
FIGURE 6 is also shown as a reference for pitting life evaluation in FIGURE 1 1 . 
[0066] It has been found that generally, the pitting life of the comparative materi 

extent by rxeciprtation of cementite having a grain size of 5rim or less> and a further improvement in pitting life can be 
achieved by addrtion of Al. The effects of cemerrtrte rxectpitation and Al nitride rxeciprtation for fining martensrte can be 
distinctly confirmed by, tor instance, the comparisons between the Bfe of Specimens Nos. 3 and 4 and between the life 
of Srjectmens Nos. 8 and 12 having the level of bearing steel. Hence, the combined effects of the above two kinds of 
precipitation carried out in the invention have been confirmed. 

[0067] Specimens Nos. 2, 6 and 11 have surface carbon contents ranging from 1.5 to 1.8 wt% and a structure where 
cementite having an average grain size of 2 to 5 urn is precipitated Spetimens to 
tents ranging from 2.3 to 2.6 wft> and a structure where cementite 
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dpHated. 

[0068] Cementite in Specimen No. 11 (SCM420H comparative material) has a grain size of 5 um and cementite in 
Specimen No. 3 has a grain size of 2.5 urn As the amount of ^increases, the grain size of jhejxedprtated cementite 
decreases, which is consistent with the previous report Finer cementite was observed in steels to which A! was added. 
It will be understood from the relationship between carbon content and the grain size of cementite and from the struc- 
tural effects of A! nitride precipitation that the above-described effects in improving pitting life are substantially rational. 
[0069] FIGURE 12 shows the rotary bending fatigue strengths of Specimens Nos. 6 and 1 1 after applying the thermal 
treatment shown in FIGURE a Since an precipitated Al nitride layer caused by carbonitriding is present in the surface 
layer (0.2 mm) of Specimen No. £ there may be concern about stress concentration due to the notching effect of bend- 
ing stress present at the surfaca However, it is understood from the results shown in FIGURE 12 that there is no need 
to worry about such stress concentration. This is because the precipitated Al nitride is extremely fine, having a grain 
size of 0.3 pm or less. FIGURE 12 also shows the rotary bending fatigue strengths of steels to which shot peening was 
applied with an arc height of 0.9 and the stjbstantiafly same effect of Spe 
from this result. Alnftrto 

is appSed to the surfaca The above effect can be also seen in the comparison of the rotary benrJng fatigue strengths 
of Specimens Nos. 8 and 11 (bearing steel) to which the thermaJ treatment shown In FIGURE 5 was applied. 
[0070] FIGURE 1 3 shows a comparison of the rotary bencfing fatigue strengths of Specimens Noa 3, 4, 6. and 1 1 to 
which the thermal treatment of FIGURE 4 was appBed. As noted earlier, cementite having an average grain size of 
about Sum ts precipitated on the surface of Specimen Na 11 while the cementite precipitated in Specimen Na 6 has 
an average grain size of about 2 \im . The rotary bending fatigue strength of Specimen No 1 1 is about 10% lower than 
those of the steels in which no cementite is preqpitated. Substarrtiafiy rx> decrease in strength is seen in Specimen Na 
6 in which the grain size of cementte 

apply a thermal treatment so as to restrict the average grain size of cementite to 3 urn or less when precipitating 
cementite on the surfaca FIGURE 13 also shows the fatigue strengths of Specimens Nos. 6 and 11 for rotary bending 
tests, which were subjected to thermaJ treatment and then to shot peening with an arc height of 0.9. Specimen Na 11 
containing cementite large in grain size has not achieved a significant improvement in rotary bending fatigue strength 
whfle Specimen Na 6 containing fine cementite precipitated therein has attained a significant improvernent As seen 
from this result, it is irnportant, in view of fatigue strength, to restrict the average grain size of cementite to 3 urn or less, 
but it is more important to eliminate cementite agglomeration. FIGURE 13 further shows the rotary bencfing fatigue 
strengths of Specimens Nos. 3 arid 4 to whk* the thermal* 

that even when the amount of cementite in Specimens Na 3 and 4 is around 25% by volume, fatigue strength can be 
prevented from remarkably decreasing by fining cementite particles so as to have grain sizes of 2.5 urn and 1.5 urn, 
respectively. Hence, surface pressure strength can be improved without causing a decrease in strength by fining 
cementite, on condition that the amount of cementite is up to about 30% by volume, ft should, however, be noted that 
when allowing cemerrtrte pretirjrtation exceeding 30% by volume, a large amount of cementite is likely to agglomerate, 
forming coarse cementite particles so that a significant improvement in surface pressure strength cannot be expected. 
[0071] rt is concervabJe that the grain size of the precipitated Al nitride can be effective*/ reduced by setting the tem- 
perahire of the carbonrtrkirig p 

perature is also desirable for pocrtivery predprtating cementite by carburization as shown in FIGURE 4. Practically, rt is 
preferable to catty out me carburiza^ 

[0072] According to the invention, after a fine precipitate such as AJ nitrides are formed by the cartxirizatiofVcarboni- 
triding and/or carbonitriding treatment martensrte created by quenching is extremely fined, whereby fatigue failure 
caused by contact stress can be decreased 

the above effect can be easily, ecorwmicatfy achieved by use of steels containing inexpensive aitoy elements such as 
Al which do not cause a decrease in rotary bending strength. According to the invention, in the case of a steel in which 
cementite precipitation is afiowed, Al can be expeied from the cementite partides so that the quenching properties of 
the parem phase w» riot be irrpaved h 

rxorrotestheprecpitatm In consequence, the average life of the steel 

parts subjected to rotting fatigue can be remarkably raised. 

[0073] Hence, the present invention is well suited lor use in the manufacture of gears, cams, bearings, and similar 
high-strength and compact steel articles which are required to have wear resistance and strength for withstanding roll- 
ing or rottng-sfipping fatigua 

Claims 

1. A high surface pressure resistant steel part containing at least one of fine nitrides, carbides and carbonrirides, 
which is dispersed in a surface structure and has an average grain size of 3 um or less and having a multi phase 
structure composed of martensrte as a parent phase which is finely divided into pieces by said dispersed sub- 
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stance. 

2. A high surface pressure resistant steel part according to claim 1, 

wherein the prevailing grain size of said dispersed substance consisting of a fine nitride and/or carbonitride is 0.3 
lim or less and the amount of said cfispersed substance consisting of at least one of fine nitrides and/or carboni- 
trides is 1% by volume or mora 

3w A high surface pressure resistant steel part according to dai m 1 , 

wherein said martensite of the parent phase is more actcular than the lenticular martensrte of an ortinary carbu- 
rized structure, is divided into pieces by a dispersed fine nitride and/or carbonitride having a width of 0.3 jun or less, 
is mainly corrposexf of fine rriartensrte particles having a width of 1 ^im or less, and is considerably disordered, 

4. A high surface pressure resistant steel part according to claim 1. 

further containing 20 to 80% by volume residual austenrte in said mutti phase structura 

5. A high surface pressure resistant steel part according to claim 1. 

wherein said carbides is mainly composed of cementrte having said average gran size and is dispersed in an 
amount ip to 30% by volume. 

& A high surface pressure resistant steel part according to claim 1 . 

which is formed from a steel containing 0.3 to 3.0 wt% Al. and containing 0.4 to 2.5 wt% nitrogen in its surface. 

7. A high surface pressure resistant steel part according to claim 1, 
which is formed from a steel contain^ 
bon in its surface. 

& A high surface pressure resistant sted part according to claim 1, 

having a carbon content of 0.6 to &0 wt% and a nrtrogen content of 0.4 to 2.5 wt%. 

9. A high surface pressure resistant steel part according to any one of claims 1 to 8, for use as a power transmitting 
part which is required to have contact fatigue strength and weir resistance and examples of which include rolling 
members such as gears and be^ing^ the races c^ 

10- A high surface pressure resistant steel part according to any one of claims 6 to 8. containing irnpurities and alloy 
elements such as Si. Mn. Mo, M, B. S and P in amourtewfthinriorTnal ranges. 

11. A high surface pressure resistant steel part according to daim 10. for use as a power transmitting part which is 
required to have contact fatigue strength and wear resistarce arid examples 

as gears and bearings, the races of a roOing member, and cam components. 

12. A metrxxi erf product ah in any one of claims 6 
to 9. the method comprising the steps of: 

precprtating a dispersed substance w 

one or more treatments selected fromcarburiza&oacarbur^ 

forming a martensrte phase in at least a surface layer subsequentty to the dispersed substance precipitating 
step, by rapidrycooSng from the austerirleterrperatire region of steel. 

13. A method of procfoctng a high surface pressure resistant steel part from the steel described in any on e of claims 6 
to 9. wherein after allowing carbon to cfiffusely permeate from a surface by carburizatfon. the steel is once cooled 
to a temperature equal to or less than the eutectoid transformation temperature; then, at least a surface layer is 
reheated to a temperature within the austenrte temperature region of steel to cfisperse a granular carbide under a 
carburizing and cartx>rtrtriding atmosphere, while dispersing a nitride andfor carbonitride created from nrtrogen and 
carbon which have been diffuserype^ 

14. A method of producing a high surface pressure resistant steel part according to claim 1 2 or 1 3, which uses a steel 
havmg trie alloy corrpositiOT 
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15. A method of producing a high surface pressure resistant steel part according to claim 1 2 or 13, wherein a physical 
treatment such as shots or rolling is applied to the surface of the surface pressure resistant steel part thereby 
transtorningaresk^ austenita 

16. A method of procuring a high surface pressure resistant steel part according to claim 1 2 or 1 3, wherein the amount 
of carbon andfor nitrogen which permeates into a layer dose to the surface is controlled by at least one treatment 
selected from cartourization, carburtzation/carbonitriding and carborritriding, and wherein residual austenite coo- 
tamed in said mM phas* structure is precipitated in an amount of 20 to 80% by volume by rapid cooling from the 
austenite tempmlure region of steel 

17. A method of procfcang a high surface pressure resistant steel part according to claim 1 6, which uses a steel having 
the alloy compocfllon descrtoed »i c^ 

18. A method of procuring a high surface presstre resistant steel part acooiding to claim 17, wherein a physical treat* 
merit such as shots or rdfing is applied to the surface of the surface pressure resistant steel part thereby trans- 
forming a residual austenite phase to martensrte to adjust the amount of residual austenita 
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FIG.1 
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FIG. 5 
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FIG. 12 
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FIG. 13 
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